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METHOD FOR SYNCHRONIZING TO A DATA STREAM 

Copending Applications 

A\copending application exists having serial number XX/XXX.XXX, entitled 
"Method AnH^System For Receiving And Framing Packetized Elementary Stream Data", 
having at leasKone inventor in common, and the same filing date as the present 
application. 

A copending application exists having serial number XX/XXX,XXX, entitled 
f 'Method And System fV Accessing Packetized Elementary Stream Data", having at 
/least one inventor in commoV and the same filing date as the present application. 

A copending application exists having serial number XX/XXX,XXX, entitled "Method 
And System For Handling Data", having at least one inventor in common, and the same 
filing date as the present application. 

A copending application exists hVving serial number XX/XXX,XXX, entitled 

\ 

"Method And Apparatus For Accessing Transport Stream Data", having at least one 
inventor in common, and the same filing date akthe present application. 

A copending application exists having seYial number XX/XXX,XXX, entitled 
"Method and Apparatus for Handling Private Data^From Transport Stream Packets", 
having at least one inventor in, and the same filing date^as the present application. 

\ 

A copending application exists having serial nuhiber XX/XXX,XXX, entitled 
"Method and System for Retrieving Adaptation Field Data^ssociated with a Transport 
Packet", having at least one inventor in common, and the same, filing date as the present 
application. \ 

\ 

A copending application exists having serial number Xx)xXX,XXX, entitled 
"Method for Displaying Data ", having at least one inventor in common, and the same 
filing date as the present application. \ 
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A copendingSapplication exists having serial number XX/XKX,XXX, entitled 
"System For Simulating The Parsing Of A Transport Data Stream", having at least one 
inventor in common, and\he same filing date as the present application. 



Field of the Invention 

The present invention relates generally to the reception of MPEG-2 data, and 
more specifically to acquiring a MPEG-2 Data signal without predefined signal 
specifications. 



Background of the Invention 

The international organization for standards (ISO) moving pictures experts group 
(MPEG group), approved an audio video digital compression standard known as MPEG-2 
in an effort to provide a versatile compression standard capable of being utilized for a 
wide variety of data. The MPEG-2 standard provides explanations needed to implement 
an MPEG-2 decoder through the use of syntax and semantics of a coded bit stream. 
MPEG-2 is an open standard which continues to evolve and be applied to a variety of 
applications ranging from video conferencing to high definition television. As a generic 
standard, MPEG-2 is intended to be used for variety of audio and video coding 
applications. Part one of the MPEG-2 standard (ISO 13818-1), was designated to 
improve error resilience and carry multiple programs simultaneously without a common 
time base between programs. 

The transport stream (TS) specified by the MPEG-2 standard, offers a high degree 
of robustness for noisy channels, and can be used to carry multiple programs, such as 
multiple TV services. The transport stream is based on a 188 byte long packet suited for 
hardware error correction and processing schemes. The use of a robust protocol, such as 
the transport stream, allows for reception over noisy environments such as terrestrial and 
satellite transmissions. Even in these environments it is possible to obtain fast program 
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access, channel hoping, and syiichroiiiziiuOu between multiple clcriieniary streams carried 
within the packetized elementary streams which are subdivided into transport packets. 

Prior art Figure 1 illustrates a Transport Packet Stream defined by the MPEG-2 
standard. The transport stream, based on a 188 byte long packet, is well suited for 
hardware error correction and processing schemes. Such a configuration can carry 
multiple programs within the same multiplex, even when the transmission environment is 
noisy. For example, MPEG-2 data can be transferred successfully over coaxial cable 
networks and satellite transponders with asynchronous multiplexing of constant or 
variable bit-rate programs to allow fast program access, channel hoping and 
synchronization between services. 

As illustrated further in Figure 1, MPEG-2 transport stream consists of fixed 
length Transport Stream Packets (TSP or packets) based on 4 bytes of header followed by 
184 bytes of TSP payload. TSP payload carries Packetized Elementary Stream (PES) data 
obtained by chopping up an Elementary Stream (ES), which consists of data of a 
common type and program. For example, audio for a specific program would form one 
elementary stream, while video for the same program would form a second elementary 
stream. 

The TS header consists of a synchronization byte (SyncByte), flags, information 
indicators for error detection and timing, an adaptation field indicator, and a Packet JD 
(PID) field used to identify Elementary Streams carried in the payload. The adaptation 
field, when present, contains flags, and timing information. 

The PID Field is used not only to distinguish separate Elementary Streams, but 
also separate Program Specific Information (PSI) tables. Prior art Figure 2 illustrates two 
types of PSI tables ~ a Program Association Table 210 (PAT), and a Program Map Table 
220 (PMT). The PAT table lists unique program numbers as identifiers for each program, 
or elementary stream, in a multiplex, and the PID number associated with each program 
number. A fixed PID number of 0x0000 is assigned to the PAT table, making it possible 
for the system to download the PAT table on startup by retrieving PID 0x0000 packets. 
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Each program identified the PAT labie has a related Program Map Table (PMT) 
having its own PID identifier. Each PMT table lists the PIDs for all Elementary Streams 
(components) making a given program associated with the PMT. A specific PMT table 
maybe constructed for each program separately, or may be common for a group of 
programs. In the first case, there are many PMT tables with just one section, and each 
PMT table has a different PID value. In the second case one PMT table may have many 
sections, each relevant to one program. 

In order to provide multiple services over the same multiplex, data associated 
with different multimedia services are transmitted, with packet multiplexing, such that 
data packets from several Elementary Streams of audio, video, data, and others are 
interleaved on a packet by packet basis into a single MPEG-2 transport stream. 
Synchronization between Elementary Streams forming a common program is achieved 
using presentation time stamps and program clock references which can be transmitted as 
part of the adaptation field specified in the header. 



Prior art Figure 3 illustrates the fields associated with a PES stream. Each PES 
stream contains a header portion and a data portion. In addition, an optional header 
portion may exist. The header portion includes a Packet Start Prefix, a stream ID, and a 
packet length indicator. 



Transport stream information can be provided either through a direct broadcast, or 
through a service provider broadcast. Direct broadcast generally refers to signals which 
are received directly by an end user. Examples of direct broadcasts include satellite 
broadcasts received by satellite dishes and provided to a decoder at the end user's 
location, which receives and decodes the transport stream data. Another type of direct 
broadcast is the traditional composite television/radio broadcast. In their most 
elementary forms, these broadcasts are not digital broadcasts. However, the transmission 
of digital broadcast in MPEG-2 format is being explored and occurring as an alternative. 
In this manner, the user would have a tuner capable of receiving the direct terrestrial link 
information containing the television or radio signals. Once demodulated, the transport 
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stream uifoiiiiaiion could be provided io a desktop unit, or decoder, owned by the end 
user. 

Service provider broadcast would include broadcast to the home provided by 
cable television providers, telephone company providers, or other independent providers. 
In this configuration, the service provider first receives the number of signals which can 
be ultimately provided to the end user. Examples of such received signals include 
satellite feeds, terrestrial feeds, switched video sources, local video sources such as tapes, 
or laser disk DVD's, as well as traditional table feeds. Based upon the end users 
demands, the received information can be selectively provided to the end user. 

In one manner, the selected feed by the service provider can be provided directly 
to an end user through a twisted pair connection, which may include a high speed digital 
subscriber link (DSL) capable of providing data at higher rates than traditionally 
associated with plain old telephone system (POTS) connections. 

In another implementation, the service provider would provide information from a 
central office or a head-end to a fiber node. A specific fiber node is generally used to 
support more than one end user. Examples of the use of such fiber nodes includes a fiber 
coaxial bus (FCB) whereby a fiber link provides the signal containing a large amount of 
data to a fiber node which in turn drives coaxial cable having a taps. A decoding device 
attached to taps at user side can receive the appropriate broadcasting signal. 

Another example of a fiber node is bi-directional fiber coaxial bus. While similar 
to the FCB bus, the bi-directional FCB bus is also capable of transmitting data back to the 
central office or the head-end as well as receiving it. Yet another fiber node example is a 
hybrid fiber coax, which uses coaxial cable and branch topology toward network 
interface units. Yet another example associated with service providers is known as fiber 
to the curb, whereby digital signaling is carried from the central office to the optical 
network unit which serves only a few dozen homes. Locally, a hybrid twisted pair 
coaxial pairs will connect to the optical network unit with the consumer's decoder. Twist 
repair cable carries digital video in the 5 to 40 megahertz range to no more than 500 feet 
from the fiber connection. Therefore, the number of homes capable of being served by a 
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single optica! network unit is limited. Analog television signals are carried in a coaxial 
cable from the fiber node. 

One problem associated with the flexibility of the MPEG-2 standard is that once 
the transport stream is received, demodulated, and decrypted, the resulting data stream 
can still have a variety variations which need be known before the data stream can be 
properly utilized. For example, the MPEG-2 specification does not indicate a specific set 
of control signals to be provided with the transport stream, how received data and control 
signals are qualified, nor the precise format of the actual data transmitted. As a result, 
implementations of set top boxes require specific service provider information. Specific 
service provider information results in an incompatibility among transport streams 
schemes provided by different service providers or cable operators. As a result, chip sets 
are designed and dedicated to support specific service provider's set top boxes. 

Prior art Figure 4 illustrates a prior art system for parsing a transport stream. The 
transport parser of the prior art would receive individual packets from the framer. Based 
upon the PID value, the transport parser would store the TSP data to be used by the 
system or the graphics engine in a local buffer. 

When the transport parser's local buffer was filled, the transport parser would 
cause a bus request to the appropriate controller (system or video) to initialize a transfer 
of at least some of the buffered data. 

However, when the prior art host video or graphics system needed more data from 
the transport parser prior to the transport parser initializing the transfer, the system would 
initialize the transfer by generating a request to access data in the transport parser buffer. 
Since the bus used internally by the transport parser buffer may have other clients, the 
host system may have to wait to access the bus. The overall performance of the host 
system is reduced as a result of the system waiting on data. 

Therefore, a system and method of receiving transport stream information that 
allows for more flexibility and improved performance in terms of data handling, data 
parsing, design implementation, data stream acquisition would be advantageous. 
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Brief Description of the Drawings 

Figure 1 illustrates, in block form, prior art fields associated with a transport stream 
packet; 

Figure 2 illustrates, in tabular form, a prior art Program Specific Information tables; 

Figure 3 illustrates, in block form, prior art fields associated with Packetized Elementary 
Stream; 

Figure 4 illustrates, a prior art representation of a parser system; 

Figure 5 illustrates, in block diagram form, a transport stream core in accordance with the 
present invention; 

Figure 6 illustrates a tabular representation of a register set; 

Figure 7 illustrates, in block diagram form, another embodiment of a transport stream 
core in accordance with the present invention; 

Figure 8 illustrates, in block diagram form, a framer receiving a transport stream signal; 

Figure 9 illustrates, in timing diagram form, the relationship among individual data 
signals comprising a transport stream; 

Figure 10 illustrates, in flow form, a state diagram for implementing a function associated 
with the framer of Figure 3; 

Figure 1 1 illustrates an algorithmic state machine associated with the framer of Figure 3; 

Figure 12 illustrates, in tabular form, global status registers associated with a portion of 
Figure 6; 

Figure 13 illustrates, in tabular form, interrupt registers associated with a portion of 
Figure 6; 
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Figure 14 illustrates, in tabular form, global control registers associated with a portion of 
Figure 6; 

Figure 15 illustrates, in block and logic form, a portion of a framer in accordance with the 
present invention; 

Figure 16 illustrates, in block and logic form, a transport packet parser in greater detail; 

Figure 17 illustrates, in block and tabular form, a data output controller in greater detail; 

Figure 18 illustrates, in tabular form, video control registers associated with a portion of 
Figure 6; 

Figure 19 illustrates, in tabular form, auxiliary PID control registers associated with a 
portion of Figure 6; 

Figure 20 illustrates, in flow diagram form, a method in accordance with the present 
inventions; 

Figure 21 illustrates, in block and logic form, a video packetized elementary stream 
parser in greater detail; 

Figure 22 illustrates, in flow diagram form, a method in accordance with the present 
inventions; 

Figure 23 illustrates, in block diagram form a video packetized elementary stream parser; 

Figure 24 illustrates, in tabular form, global status registers associated with a portion of 
Figure 6 and fully associated with Figures 21 and 23; 

Figure 25 illustrates, in tabular form, interrupt registers associated with a portion of 
Figure 6 and fully associated with Figures 21 and 23; 

Figure 26 illustrates, in block form, an output controller and memory in accordance with 
the present invention; 
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Figure 27 illustrates, in now diagram form, a method in accordance with the present 



Figure 28 illustrates, in block diagram form, a detailed view of an adaptation field parser; 

Figure 29 illustrates, in tabular form, global status registers associated with a portion of 
Figure 6 and fully associated with Figure 28; 

Figure 30 illustrates, in tabular form, interrupt registers associated with a portion of 
Figure 6 and fully associated with Figure 28. 

Figure 3 1 illustrates, in tabular form, global status registers associated with a portion of 
Figure 6 and fully associated with Figure 28; 

Figure 32 illustrates, in block diagram form, an alternate embodiment of a transport 
packet demultiplexor; 

Figure 33 illustrates, in block diagram form, a detailed view of a private packet 
packetizer of figure 32; 

Figure 34 illustrates, in block form, representations of private packets from the packetizer 
of figure 33; 

Figures 35-38 illustrate, in flow diagram form, a method of splicing video in accordance 
with the present invention; 

Figures 39-42 illustrate, in flow diagram form, a method of performing blind acquisition 
of an MPEG-2 data stream; and 

Figure 43 illustrates, in block form, a general purpose computer system in accordance 
with the present inventions. 
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In a specific embodiment of the present invention a method for synchronizing to a 
transport stream is disclosed. In a specific embodiment, the method comprises . 
determining when synchronization is achieved, by receiving a synchroniza'tVon^Tkicate a 
specified number of times at sequential locations. Likewise, synchronization is lost when 
it is determined that the synchronization indicator has been missed a predetermined 
number of times. 

The present invention is best understood with reference to the specific 
embodiments illustrated in Figures herein. Specifically, Figure 5 illustrates a transport 
stream core 400 (TS core), Video Memory 471 , and System Memory 472. 

In operation, the TS core 400 receives transport stream packets. Each packet is 
synchronized to the TS core 400, and demultiplexed. Each packet is demultiplexed based 
upon its Packet IDentifier (PID), which identifies the type of data carried in the packet. 
The TS core 400 is bufferless in that no packet data is stored within the TS core 400 for 
access by video or system processing. Instead, the demultiplexed data is stored in one or 
more locations within each of the Video memory 471, and the system memory 472. 

Transport Stream Core 400 includes a Framer 410, Transport Packet Parser 420 
(TPP), a PES Parser (PESP) 430, Adaptation Field Parser (AFP) 450, Buffer Controller 
460, and register set 480. 

The register set 480 is further illustrated in Figure 6. Generally, the register set 
480 includes interrupt mask registers, control registers, status registers, and system 
interface registers. Interrupt mask registers are used to enable or disable specific 
interrupts. Control registers specify how various aspects of the TS core 400 are to 
operate. Further examples of types of control registers include Global Control Registers; 
Video Control Registers, which control how video packets are handled by the TS core; 
and Non-Video Control Registers, which control how non-video packets are handled by 
the TS core. 

In operation, the framer 410 receives a raw transport stream which is analyzed to 
isolate and provide individual transport stream packets (TSP) to the bus 405. In one 
embodiment, the bus 405 receives byte wide data ( the data bus width could also be 16 or 
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32 bits) and a control signal to indicate when the current byte of data is valid. In 
addition, the Framer 410 generates a signal labeled PACKET START to indicate the first 
byte of a packet, and a signal labeled IN SYNC to indicate when the data on the bus 405 
is synchronized, or locked onto by the Framer 410. 

The TPP 420 is connected to the bus 450, and receives the IN SYNC and 
PACKET START signals. Parsing of a TSP (packet) by the TPP 420 is enabled when the 
IN SYNC signal and the PACKET START signals are asserted indicating the beginning 
of a new packed. During parsing of the header portion of a packet the PID number is 
obtained. Based upon the value of the PID number, registers are updated, and a 
determination is made whether the TSP is to be saved, further processed, or discarded. 

When it is determined to\ave the packet, the TPP 420 asserts the signal labeled 
ENTPP which is received by the Buffer Controller 460. Based upon this enable signal, 
the Buffer controller 460 retrieves th^acket data and stores it in a predefined memory 
location. 

When it is determined to discard the packet, no further action by the TPP 420 is 
needed, resulting in the remainder of the TSP being ignored. 

WheniKis determined to further process the packet by one of the other parsers 
450 or 430, the TPP 42Qasserts one of their respective enable signals. For example, if it 
is determined that the packfcKjxmtains video data, the TPP 420 will assert the signal 
labeled PESP EN, likewise, if it is'^termined that the packet contains adaptation field 
data, the TPP 420 will assert the signal labeled AFP EN. Based upon these signal being 
active, the respective parser will further process the^acked data. 

In response to being enabled by the TPP, the Vld^o PES Parser 430 further 
processes the packet by parsing the header of the video PES. Ba$ed upon information 
carried in the header of the video PES, registers are updated, and the vM^o payload may 
be stored or discarded. 

When it is determined to save the video payload, the PESP 420 asserts theWnal 
labeled EN PESP which is received by the Buffer Controller 460. Based upon 
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enable 3igi!5i^4he^Bj^^ 
predefined location of video memSl 




The Buffer controller 460 receives and stores the data payload based upon control 
signals received from the parsers. Because the packet data is stored directly in the system 
memory 472, associated with a main system (not shown), or the video memory 471, 
associated with a video adapter (not shown), the packet data is not stored in TS core 400. 
Therefore, the core 400 and each of its parsers are described as bufferless. By storing 
data directly in the system memory 472 and the video memory 471, the system does not 
have to access memory space within the TS core 400. This eliminates delays associated 
with the prior art which occurred when the system had to wait on TS core bus accesses to 
be completed before the needed data could be retrieved. 

The bus connections between the buffer controller 460 and the system memory 
472 can vary depending upon the implementation chosen. For example, both the video 
memory 471 and system memory 472 can be connected to the buffer controller 460 
through a PCI (Peripheral Components Interconnect) bus, or the system memory 472 can 
be connected to the buffer control 460 through a PCI bus, while the video memory 471 is 
connected to the buffer controller 460 through an AGP (Accelerated Graphics Port). 

Figure 7 illustrates another embodiment of a TS core in accordance with the 
present invention. The TS core of Figure 7 includes framer 710, TPP 720, AFP 750, 
PESP 730, buffer controller 750, and registers 780. 
V X 



The framer 710 provides transport stream data labeled FRAMER DATA on an 
eight-bit bus, (or 16 or 32) and provides a signal labeled FRAMER DEN. The 
FRAMER DATA an eight-bit wide data byte, or word, which has been received from the 
transport stream. The FRAMER DATA is qualified by the signal FRAMER DEN, which 
is an enable signal. The signal FRAMER DEN is asserted during each valid FRAMER 
DATA. 




The registers 780 



are 



analogous 




;isters described with reference to Figure 7. 
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The FRAMER DATA and FRAMER DEN signals are provided to each of the 
parsers of Figure 7, and the Buffer controller 760. The TPP parser 720 receives the 
header information of new packets when the framer 710 asserts an IN SYNC signal and 
an PACKET START signal. The combination of these signals, when asserted, indicate 
that the present FRAMER DATA is part of the packet header. As a result, the TPP 720 
receives the FRAMER DATA from the data bus for parsing. 

In a specific embodiment, the IN SYNC signal provided by the framer 710 will be 
active whenever the framer 710 is locked onto, or synchronized with, the transport 
stream. If the IN SYNC signal is deasserted, the TPP will not receive the data. 
Furthermore, the PACKET START signal can be a single pulse asserted during the first 
byte of a new packet, or it can be a signal that is asserted during the first byte of the 
packet and not deasserted until the last byte of the packet. The first byte of the packet 
can be defined in different manners. For example, the first byte can be defined to be the 
sync byte of a packet, or the first byte after the sync byte. 

Based upon the PACKET START signal, the TPP 720 can maintain a byte count 
indicating the location of a current byte within the packet being received. Based upon 
this count, the TPP 720 will parse the header of the packet which is the first four bytes. 

During parsing of the packet header, the TPP receives the PID of the current 
packet. Based upon the PID value, the TPP can enable other parsers to perform 
additional parsing operations. For example, when the PESP 730 of Figure 7 is a 
dedicated video PES parser, and the PID associated with a packet received by the TPP is 
the video PID, the TPP will enable the PESP 730 by asserting the signal labeled VIDEO. 
Additionally, TPP asserts the signal labeled VSTART when the current frame is the first 
frame of a PES stream. This indicates to the PESP that the elementary stream header is at 
least partially within the current frame. The VSTART signal allows the PESP to locate 
and parse the header of the video PES, while the VIDEO signal allows subsequent video 
payload to be retrieved. Likewise, when the adaptation field control of a packet header 
indicates that adaptation field data is to follow, the TPP will provide a signal labeled 



13 



Patent 
0100.990144 



AFSTART to indicate the beginning of the adaptation field. In response, the AFP 750 
will parse the adaptation field of the current packet. 

When a current packet, that is not a video packet, is to be received by the TS Core 
of Figure 7, the TPP will receive the packet from FRAMER DATA and provide the entire 
packet one byte at a time as TPP DATA to the Buffer controller 760. Similarly, when the 
packet is a video packet, the PESP 730 will receive video data payload from the 
FRAMER DATA and provide it to the Buffer controller 760, which is subsequently 
framing data bytes into double words as PESP DATA. Any data associated with the 
adaptation field of the packet will be provided to the buffer controller 760 from the AFP 
parser 750 as AFP data. 

In response to the various data and control signals received from the parsers, the 
buffer controller stores the data. In a specific mode, where all packets are to be stored, 
the FRAMER DATA and control signal FRAMER DEN can be received directly at the 
buffer controller 750 for storage. 

In accordance with the present invention, each of the parser modules 720, 730, 
and 750, and the framer 710, as well as any other module which may be included, are 
implemented to have modular layouts. For example, the layout of the TPP 720 is 
modular when its layout is performed independent of the layout of any of the other 
module. As a result, the TPP 720 will have a localized layout independent of the other 
modules. Independent development and reuse of modules is readily accomplished using 
modular layouts for modules having independent functions. This is an advantage over 
the prior art, which did not differentiate the parsing functions using modular layouts, in 
that it provides greater flexibility and reuse in the design and implementation of transport 
stream parsers. 

The framer is best understood with further reference to the Figures 5, and 8 
through 15. Figure 8 illustrates a block diagram representation of the transport stream 
signal received at framer 710. In the embodiment illustrated, the transport stream 
includes five signals. A clocking signal labeled TCLOCK, a data signal labeled TDATA, 
a data valid signal labeled TVALID, a packet start signal labeled TSTART, and an error 
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signal labeled TERROR. The TDATA signal can be either a single or multiple bit wide 
data stream. Each of the control signals of Figure 8 are single bit signals received by the 
framer 710. 

The transport stream data and control signals can be received either from a direct 
broadcast or through a specific service provider. The signals actually received by the 
framer 710 can vary depending on the specific network interface module (NIM) provider 
of direct broadcast implementation. At a minimum, TCLOCK, and TDATA are needed. 
The TCLOCK and TDATA signals contain the basic information necessary to retrieve is 
information. While Figure 8 illustrates separate TDATA and TCLOCK signal, it is 
possible to provide the data and clock as an integrated signal, whereby the clock signal 
would be extracted from the received data. 

Where only TCLOCK and TDATA are provided, the TCLOCK signal active, I.E. 
toggled, only when data is transmitted. When a valid signal, TVALID, is also provided 
TCLOCK can be a constantly running synchronous clock. In that case the data is 
qualified with the TVALID signal. 

The TSTART signal, when provided, is used to indicate when transmission of a 
new transport stream packet occurs. When TSTART is available, the synchronization 
process is trivial because the provider of the transport stream NIM is required to specify 
the start of each new packet. 

The TERROR signal, when present, indicates that the data being received may be 
corrupted due to a potential error in the data path. TERROR the decoder that the 
information at this point is at best suspect, if not incorrect. 

As previously indicated, various combinations of signals comprising the transport 
stream can occur. In addition, the format of individual signals can vary. For example, 
TCLOCK can qualify the TDATA signal on either a rising edge or a falling edge. In 
accordance with a specific embodiment of the present invention, the TCLOCK edge that 
qualifies TDATA can be defined in the framer 710. 
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Another transport stream variation is how the TDATA is transmitted to the framer 
710. TDATA can be transmitted in one of either MSB first or a LSB first mode. When 
transmitted in MSB first mode the most significant bit of each data byte is received first, 
and in LSB first mode the least significant bit of each data byte is received first. In 
accordance with a specific embodiment of the present invention, whether data is 
transmitted LSB first or MSB first can be defined in the framer 710 to properly receive 
bytes of TDATA. 

Another transport stream variation is the polarity of an active control signal. For 
example, the control signal can be active at either a logic level 1 or a logic level 0, 
depending upon the system implementation. In accordance with a specific embodiment 
of the present invention, the polarity of control signals can be defined in the framer 710 
to properly identify the correct asserted logic level. 

TDATA can be received bit-by-bit, byte-by-byte, or by other various word size. 
Within the received stream, the individual units of data are referred to having a location. 
For example, the first byte associated with the data stream is referred to being at a first 
location, while the 188 th byte would be referred to as the 188 th location. The use of the 
term "location" also implies a point in time, whereby a first byte would occur at a first 
time, or period, and the 188 th byte would occur at a 188 th time period as references to the 
TCLOCK. 

Figure 9 illustrates the relationship between the various control and data signals of 
the transport stream. Specifically, Figure 9 illustrates a TCLOCK signal having a rising 
edge for qualifying each data byte of the TDATA signal. Likewise, in the illustration of 
Figure 9, the TVALID signal is always asserted during the first byte indicating that the 
data is valid. The TSTART signal is synchronized to the first byte of the TDATA signal, 
which is a synchronization byte. In a specific implementation, the synchronization byte 
of the TDATA signal will always have the Hexadecimal value 47h. The TERROR signal 
is not illustrated, however it would be asserted to indicate when an error has occurred. 

While the timing diagram of Figure 9 does not explicitly show bits of TDATA 
being received serially, it should be understood that for each byte representation of 
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TDATA in Figure 9, 8 individual data bits can be received, quaiified by eight TCLOCK 
pulses, to form the bytes illustrated. When TDATA is received in a bit-by-bit manner, 
without a TSTART signal, there is no knowledge as to which of the bits being received 
represents the first bit of a byte, where by "first bit" it is meant the first bit received when 
the device is turned on and started latching the data. Likewise, the same is true for the 
first byte, let alone which byte represents the first byte of the frame. The state diagram of 
Figure 10 is a state diagram describing synchronizing the decoder core 700 to the 
transport stream being received. 

Figure 10 illustrates a state diagram for the framer 710. The state diagram of 
Figure 10 includes four states. State A is the synchronization lost state. State B is a 
synchronization search state. State C is a synchronization verify state. State D is a 
synchronization lock state. Upon a hardware or software reset the system in accordance 
with the present invention enters State A through transition 504. When in State A, 
synchronization to the data packets has been lost. When synchronization to the transport 
stream has been lost, it is not known where a new packet begins or an old packet ends. 
As a result, it is not possible to receive data. Note that when a TSTART signal is 
provided as part of the transport stream synchronization is known and guaranteed, 
therefore State C, synchronization verify, is will not be entered if TSTART is active. For 
illustration purposes, this diagram assumes that the incoming stream is already byte 
aligned and that there is no need to look for byte boundaries. 

The first byte is a sync byte for the transport stream, and has a predetermined 
value. In MPEG-2 implementation, the synchronization byte has the hexadecimal value 
47h. Transition path 511 loops into State A whenever a byte received is not equal to the 
synchronization value 47h. During the transition 511, a synchronization lock counter 
(SyncLockCnt) is set to a stored value. This value of the synchronization lock counter 
indicates the number of consecutive successful synchronization bytes that must be 
detected prior to determining the system is synchronized. In the specific implementation, 
each byte is received by the framer is compared to the value 47h. In one embodiment 
where a serial bit-stream is received, and the byte boundary within the bit stream is not 
known, the bit-stream is monitored on a shifted 8-bit basis in order to monitor every 



17 



Patent 
0100.990144 



possible combination of the bits in the stream to detect the synchronization value. The 
transition path 513 is taken once the synchronization value is detected. 

During transition 513, the synchronization lock counter is decremented to indicate 
a successful detection of the synchronization value. By identifying a first 
synchronization byte, the synchronization lock count is decremented the first time. Note 
that if the synchronization byte value is equal to 47h and the synchronization lock count 
is equal to zero the transition 512 is taken to State D to indicate successful 
synchronization. 

From State B, transition path 522 is taken for each received byte until the 
expected location of the next synchronization byte is reached. Because MPEG-2 transport 
stream packet is 188 bytes long, there will be additional 187 bytes before the next 
synchronization byte is expected. This is necessary because the value 47h might occur 
elsewhere in the stream (i.e. this value is not a reserved value). Therefore, on the 187 byte 
of the packet transition path 521 is taken to return to State A so that the next byte can be 
evaluated. If at State A it is determined that the 188 th byte is has a valid synchronization 
value of 47h the state machine will transition either on transition path 512, or transition 
path 513 depending on how many valid synchronization bytes have been identified. In 
the event that the 188 th byte doesn't have synchronization value, transition 511 is taken, 
the synchronization lock count is set to the synchronization lock register value, and the 
system returns to State A. 

By transitioning in the manner described between State A and State B, the framer 
710 is able to monitor a data stream and determine a valid synchronization location using 
only the TCLOCK and TDATA signals. Once the valid synchronization location has 
been identified, by receiving a predefined number of correct sync values, the transition 
path 5 12 is taken to State D. 

State D indicates that the framer 710 has currently obtained a synchronization 
lock state. However, in order to assure that the data stream continues to be a valid data 
stream, the transition 542 is used to determine when the next expected sync byte location 
is to occur. Transition 541 places the system in state C at reception of the transport 
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stream sync byte to verify synchronization. If synchronization is verified, the system 
transits to state D along transition path 533. As a result of transitioning along path 533, a 
drop count is reset to a stored value, which indicates how many sync bytes must be 
missed before synchronization is lost. This way the incoming stream is continuously 
monitored for any errors. 

By allowing for a predefined number of missed synchronization bytes, 
intermittent glitches can be ignored. This is useful depending upon the desired data 
integrity. For example, a drop count value of three would indicate that more than three 
lost synchronization values in a row will result in the state machine entering State A the 
synchronization lost state. 

When the synchronization value is not found, transition path 533 is taken back to 
state D. As a result, the synchronization drop count (SyncDropCnt) is decremented to 
indicate the sync value was not valid, but SyncDropCnt is not yet zero. When the 
synchronization value is not found, transition path 531 is taken to State A when the 
synchronization drop count is equal to zero indicating synchronization has been lost. 

In the manner indicated, the state machine of Figure 10 allows synchronization to 
be detected by framer 710 based upon a predetermined number of recognized 
synchronization values. The predetermined number specifies how many valid packets 
need to be detected sequentially before it is determined that a valid synchronization lock 
state has occurred. Likewise, once a valid synchronization lock state has been 
encountered, the number of missed transport stream packets that must occur can be user 
defined. 

Figure 1 1 illustrates an Algorithmic State Machine (ASM) diagram in accordance 
with the framer. Upon reset the flow proceeds to step 602. 

At step 602 a variable labeled ByteCnt is set equal to zero indicating the current 
byte is believed to be the transport stream sync byte, while the variable InSync is also set 
equal to zero indicating the system is not yet synchronized. At step 602, the framer 710 
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is m a state labeled frame_byie indicating that the current byte is expected to be a 
transport stream sync byte, and therefore is to be evaluated. 

At step 603, a determination is made whether or not a current byte being 
evaluated is equal to the hexadecimal value of 47h. When not equal to this value, the 
flow proceeds to step 621. At step 621, a variable synchronization lock count 
(SyncLockCnt) is set equal to a register value that specifies the number of valid 
synchronization bytes needed before synchronization is declared. From step 621 flow 
proceeds back to step 602. 

If at step 603 the synchronization byte value is detected, the flow continues to 
step 604. At step 604 a variable byte boundary (Byte_Boundary) is set equal to a value 
bit count (BitCnt), which is zero at step 604. 

At step 605 the synchronization lock count variable is decremented to indicate a 
successful transport stream sync frame detection. 

At step 606 a next byte is received. At step 606, the framer 710 is in a state 
labeled sync_search to indicate the next expected sync byte is being identified. 

At step 607, a determination is made whether or not the next byte is the byte to be 
evaluated for synchronization. If the byte is not to be evaluated the flow proceeds to 
steps 622 and 606 where the byte count is incremented and a new byte received. In this 
manner the loop comprising step 606, 607 and 622 is expected until the next byte is the 
expected sync byte to be evaluated is received, and the flow proceeds to step 608. 

At step 608 the variable ByteCnt is set equal to zero, allowing for the next 
transport packet to be identified. Also, the InSync flag is set equal to zero. At step 608, 
the framer 710 is in a state labeled syncjost. 

At step 609 a determination is made whether or not the current byte has a value 
equal to the synchronization value. When the value is not equal to the synchronization 
value a further determination is made at step 623 whether or not the TSTART signal is 
active. If the TSTART signal is active, indicating that the start of the transport stream is 
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occurring, the flow will proceed to step 608 for further synchronization. However, if the 
TSTART signal is not active, or not currently used, the flow will proceed to step 602 for 
further synchronization. If at step 609 a determination is made that the synchronization 
value matches the current byte, the flow will proceed to step 610. 

At step 610, the variable SyncLockCnt is decremented to indicate successful 
detection of the transport stream sync value. 

At step 611 a determination is made whether or not the synchronization lock 
count value has been met indicating the framer has locked onto the transport stream. In 
the specific example, since the synchronization lock count is decremented, when the 
SyncLockCnt value is equal to zero the condition has been met. If the desired number of 
consecutive synchronization bytes have not been received, the flow proceeds to step 608. 
However, if the desired number of consecutive synchronization has been made the flow 
proceeds to step 612. 

At step 612, the synchronization drop count is set equal to the register value 
indicating how many sync frames must be missed before synchronization is declared lost, 
and an interrupt is issued to indicate synchronization lock (SyncLock) has been obtained. 

At step 635, a variable InSync is set equal to one to indicate the system is 
synchronized to the transport stream. Therefore, at step 602, the framer is in a state 
labeled sync_lock. 

At step 636, a determination is made as to whether or the current byte is the 
expected sync byte value. If not, the flow proceeds to steps 644 and 635 receiving the 
next byte and incrementing the byte count value. If so, the flow proceeds to step 632. At 
step 632 the InSync variable is maintained equal to one, and the byte count variable is set 
to zero. At step 632, the framer is in a state labeled sync_verify. 

At step 633 a comparison is made of the value of the received byte in order to 
determine if it is equal to the synchronization value. In the event the byte does match the 
synchronization value flow proceeds to step 634, where the sync drop count register is set 
equal to a predefined register value. By setting the sync drop counter value equal to the 
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register value, it is indicated that a predefined number of synchronization values must be 
missed before synchronization is deemed to be lost. 

If at step 633 the synchronization value is not encountered, the flow continues at 
step 641. At step 641, the SyncDropCnt is decremented to monitor how many 
synchronization bytes missed. 

At step 642, a determination is made whether synchronization has been lost. 
Specifically, synchronization has been lost if SyncDropCnt is equal to zero. If so the 
flow will continue at step 643. If not, the flow continues at step 635 previously 
discussed. 

At step 643 the SyncLockCnt is set to the number of a valid synchronization 
values which must be recognized before synchronization lock is achieved, and an 
interrupt is generated indicating that synchronization has been lost (SyncLost). The flow 
proceeds from step 643 to step 624. 

At step 624, a determination is made whether or not the signal TSTART is active. 
In the event TSTART is not active the flow will proceed to step 602 in the manner 
previously discussed. In the event that the TSTART is active the flow will proceed to 
step 608 where the proper synchronization signal will be monitored. 

One skilled in the art will recognize that the state diagram of Figure 10 and the 
ASM diagram of Figure 1 1 implement similar methodologies in order to accomplish 
synchronization to a transport stream using the framer 710. 

Figures 12-14 illustrates specific registers capable of being utilized to implement 
specific framer features. For example, various variables described herein are described in 
the registers of Figures 12-14 

Figure 12 illustrates the status and state registers of the framer 710. A field 
labeled FramerSyncLock is used to indicate that frame synchronization has been 
acquired, this is analogous to State D of Figure 10, and/or having arrived at sync_lock, 
step 635, of Figure 11. 
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A field iabeieci FramerSyncDrop is utilized to indicate when synchronization has 
been lost. This is analogous to State A of Figure 10, and/or having arrived at SyncLost, 
step 608, of Figure 1 1 . This is analogous to the FramerSyncLock variable. 

The register Field labeled CurrentFramerState indicates one of five states. In a 
first state, the framer is in the process of capturing a new byte. In a second state the 
framer is out of transport packet frame synchronization. In the third state, the framer is 
searching for synchronization. In a fourth state of the framer is checking for 
synchronization. Finally, in the third state, the framer is in transport packet frame 
synchronization. Depending upon the location within the state machine of Figure 10, or 
the diagram of Figure 12, the values of Figure 12 will be updated. 

Figure 13 illustrates a list of the interrupt registers. A field labeled enable global 
demultiplexer interrupt (EnableGlobalDemuxInterrupt) is utilized to enable all core 
interrupts. When negated all the core interrupts would be disabled. 



An event interrupt mask field (EventlnterruptMask) is utilized to mask specific 
interrupt sources including the FrameSyncLock interrupt, and the FrameSyncDrop 
interrupt. The framer synchronization drop bit is used to disable an interrupt that would 
occur when drop synchronization drop has occurred. 



Figure 14 illustrates a portion of a configuration register illustrating various field 
options associated with the framer. A framer sync lock length field 
(FramerSyncLockLength) comprises 5 bit field used to select the number of consecutive 
transport packets, with valid sync bytes, that need to occur sequentially to determine 
synchronization lock has occurred. The field FramerSyncLockLenth is analogous to the 
variable SyncLockReg of Figures 5, and the register value indicated at steps 621 and 643 
of Figure 11. 

A framer sync drop length field (FramerSyncDropLength) comprises a 3 bit field 
to select a number of consecutive transport packets that must be consecutively missed 
before the synchronization is declared lost. The field FramerSyncDropLenth is 
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analogous to the variable SyncDropReg of Figures 10, and the register value indicated at 
steps 612 and 634 of Figure 11. 

A framer bit polarity field (FramerBitPolarity) is a single bit used to indicate 
whether the transport stream data is being received MSB first or LSB first. 

A framer clock polarity field (FramerClockPolarity) is a single bit that when 
asserted indicates transport stream data that is latched on a rising clock edge. 
Conversely, when negated, data is latched on a falling clock edge. 

A framer mode field (FramerMode) comprises two bits for defining a 
combination of external transport stream control signals to be used to determine 
synchronization. In a first mode, only the TSTART value is used to determine when the 
latched data is valid. In a second mode, the TVALID signal is used determine when 
synchronization is valid. In the third mode, the framer will use both TSTART and 
TVALID to determine when synchronization is valid. In the fourth mode, the framer will 
use TCLOCK and TDATA to latch the bit stream in. 

Each of the control signals TVALID, TSTART, and TERROR have an respective 
register fields TVALID Polarity, TSTART Polarity, and TERROR Polarity to indicate 
whether the signals are active high signals, or active low signals. 

By providing the control information described in the configuration registers of 
Figure 14, it is possible to program a decoder core 700 in order to interface to a large 
number of transport stream protocols. 

Figure 15 illustrates a specific implementation of a portion of the framer 710 
using the control register information. The implementation utilizes various configuration 
registers to select modes of operation. In the specific embodiment illustrated, the 
transport stream data (t_data) is received serially and loaded into four registers 1010 
through 1013. The serially loaded data is provided at a parallel output associated with 
each of the registers. The parallel outputs of registers 1010 and 1011 are received at 
inputs of multiplexer 1020. Parallel outputs of registers 1012 and 1013 are provided to 
the inputs of a multiplexer 1021. The parallel outputs from the multiplexers 1020 and 
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1021 are provided to inputs associated with the muitipiexer 1022. The output of 
multiplexer 1022 is provided to two bit shifters 1030 and 1031. Parallel outputs of the bit 
shifters 1030 and 1031 are provided to a comparator 1040. 

In operation, registers 1010 and 101 1 receive the serial bits of data on rising clock 
edge, while registers 1012 and 1013 receive the serial bits of data on falling clock edge. 
This assures proper storage of data without knowledge of TDATA's relationship to 
TCLOCK. Clock triggers registers 1010 and 101 1 store the data either from left-to-right, 
or from right-to-left. By loading data from opposite directions it is assured that whether 
data is received MSB first or LSB first that the data is stored in a manner consistent with 
the architecture. For example, a hexadecimal value llh stored in register 1010 will be 
stored as a hexadecimal value of 88h in register 1011. 

Register field FramerBitPolarity is to select either the MSB first registers 1011 
and 1013, or LSB first registers 1010 and 1012, while the register field 
FramerClockPolarity will select the register having the appropriate clock qualification. 

The data provided to the bit shift registers 1030 and 1031 is shifted bit-by-bit, to 
provide all possible byte combinations to the sync byte comparator 1040, which 
determines when the synchronization value has been encountered, and asserts the control 
bit in response to a successful compare. When a successful compare occurs, it is assumed 
that the byte and Packet boundaries have been located. 

The synchronization hardware illustrated below multiplexer 1022 of Figure 15 is 
isolated from the external clock. This is advantageous over the prior art, in that a loss of 
the TCLOCK signal does not shut down the control logic associated with synchronization 
of the transport stream. 

In accordance with the present invention, it is possible to provide a flexible framer 
capable receiving a variety of physical transport stream formats and determining 
synchronization when only clock and data are present, and to provide appropriate 
synchronization control signal. 
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One skilled in the art will recognize thai many specific implementations of the 
framer can be incorporated. For example, the framer may have a first in first out (FIFO), 
or other type buffer associated with it. In addition, instead of selecting specific 
configuration parameters using registers, other configuration specification means could 
be used, such as making them pin selectable, or any other of various types methods 
capable of describing selectable features. 

Figure 16 illustrators a more detailed view of the TPP 620. TPP 620 further 
includes storage locations 721, a counter controller 722, register controller 723, video 
PID location 724, and adaptation field start detect circuit 725. 

In the implementation shown, each of the various header fields of a transport 
stream packet have a storage location within the storage locations 721. Because the 
transport stream data is received on a byte-by-byte basis, and because the header field 
locations are fixed, the data for the individual fields is readily obtained. In the 
embodiment of Figure 16, each storage location for a specific data field is connected to 
the appropriate bits of the data bus, and the counter controller 722 provides enable signals 
to each field location to load values at the correct time. 

Once a specific field has been parsed, register fields dependent upon the specific 
field can be updated. The register set 780 is accessed and updated by the register 
controller 723 of Figure 16, which is connected to storage locations 721. In addition, the 
register controller 723 can retrieve register data as needed. For example, the value stored 
in the video PID storage location 724 is retrieved from register set 780 by the register 
controller 723. 

The TPP 720 generates the VIDEO signal, which indicates the current packet is a 
video packet, by comparing the value stored in the video PID location 724 to the PID 
value stored in storage locations 721. When a match is detected, a video packet has been 
received. When the VIDEO signal is asserted and the Payload start indicator is also 
asserted, the packet is the first packet of a new video PES, and the VSTART signal is 
asserted. 
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The TPP 720 generates the AFSTART signal using the start detect module 725, 
which monitors the value of the adaptation control field, which in turn specifies the start 
of a new adaptation packet. 

The TPP 720 generates the PCR signal, which indicates the current packet is 
responsible for providing program count reference (PCR) values to the video decoder 
associated with the video memory of the system of Figure 7 or Figure 4. When a match 
is detected, the PCR related fields of the packet need to be parsed to determine if PCR 
data has been provided. When both the VIDEO and PCR signals are asserted the PCR 
data is retrieved from the video packet. 

Figure 17 illustrates another portion of the TPP 720 that determines if a specific 
packet is to be saved. Figure 17 includes an allocation table 727, an output data 
controller 726, and a portion of the storage locations 72 1 . 

In operation, the Output data controller 726 provides data packets to the Buffer 
controller 760 of Figure 7, when the PID value associated with the data packet is included 
in the allocation table 727. Therefore, each valid entry of the allocation table 727 is 
compared to the current PID value stored in storage location 721. If any of the valid 
entries match, the Output data controller 726 will provide the entire packet to controller 
760 for storage. Because the current PID value is not available until after the fourth byte 
of the header is received, the output data controller 726 saves the first three byte in case 
they need to be stored. 

The allocation table 727 illustrated lists 32 PID indexes (PID_0-PID_31) which 
have PID values associated with them. The allocation table 727 can actually be an 
abstraction of register locations from the register set 780. Figure 18 illustrates video 
control registers, which are a portion of the register set 780. The PID value associated 
with the PID_0 entry of the allocation table 727 is defined to be the active video PID 
value, which is received from the VideoPID field of the Video Control Registers of 
Figure 18. Likewise, Figure 19 illustrates Demultiplexer Control Registers, which are a 
portion of the register set 780 used to identify packets, other than current video packets, 
which are to be saved. The PID values associated with the PID_1 through PID_3 1 entries 
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of the allocation table 727 are received from their respective register locations within the 
Demultiplexer Control Registers of Figure 19. For an entry to be valid, the 
EnableParsing field of the PID register needs to be enabled. 

If a received packet's PID number is not listed in the PID Allocation Table, the 
packet is not processed further, i.e. discarded, and the next received TSP is analyzed. 
However, if the PID of the current packet is listed in the PID allocation table, and it is not 
the video PID, the packet is saved to memory. 

Figure 20 illustrates a method associated with the TPP parser. At step 21 1, the 
TSP is received by the framer as discussed with reference to Figures 10 and 1 1 herein. 

At step 212, the packet is received at the TPP. In the manner discussed herein, 
the packet is made available to the TPP one byte at a time. The framer provides an 
indicator where the first byte of the packet is located. 

In response to receiving the first byte of the packet, the TPP will parse the packet 
header at step 213. From the parsing of the header, the TPP will retrieve the PID value of 
the packet. 

At step 214, a determination is made whether the packet is identified as a valid 
packet. As previously described, one way to be identified as a valid packet is be 
specified in an allocation table, which can be derived from specific register information. 
When a PID value is listed in the allocation table, the packet is to be further processed. 

At step 215, a determination is made whether the packet is a packet that is to be 
additionally parsed. For example, step 215 specifically indicates that a determination is 
being made whether the PID value indicates the packet is a video packet. If so, flow 
proceeds to step 226 for video parsing as indicated in Figure 22. If the PID does not 
indicate a packet for special processing, i.e. not a video packet, the flow proceeds to step 
227 where the data is send the buffer controller for storage, as indicated with reference to 
Figure 22. 
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When the PID allocation table, or other means, indicates the packet is a video 
packet the Packetized Elementary Stream Parser (PESP) is enabled to allow further 
processing. In the specific embodiment of the PID allocation table listed above, the video 
PID is stored as PID_0. However, other methods of identifying the video PID, such as 
the use of a flag or other indicator are also possible. The operation of the PESP is 
controlled by the PESP Control Registers, as illustrated in Figure 18. 

Figure 21 illustrates the PESP 730 in greater detail. PESP, of Figure 21, includes 
a counter controller 752, storage location 751, register controller 753, data output 
controller 756, video data control module 755, and portions of register set 780. 

In the implementation of Figure 21, a storage location within the storage locations 
751 is reserved for the STREAM ID header field of a transport stream packet. In the 
embodiment shown at Figure 21, inputs of the storage location for STREAM ID are 
connected to the appropriate bits of the data bus and the counter controller 752, to receive 
stream ID data from the FRAMER DATA representation of the transport stream at the 
correct time. The counter controller 752 receives the VSTART signal indicating the start 
of a new video PES and generates enable signals to capture the stream ID, and other 
information, from the video PES header. The counter controller is controlled by the 
signals VIDEO, FRAMER DEN, and VSTART. The VIDEO signal indicates the current 
packet is a video packet. The FRAMER DEN signal indicates when the current FRAME 
DATA byte is valid, and VSTART indicates when the current packet is the first packet 
for the video PES, in other words, VSTART indicates when the video packet contains 
video PES header data to be parsed. Based upon the VSTART signal, and the FRAMER 
DEN signal, the counter controller 752 can determine which byte of the header is 
currently being received. 

In another implementation, control module 755 is controlled by the EnableParsing 
field (not shown in Figure 21) of the video control registers of Figure 18. The 
EnableParsing field is a one bit field, which when deasserted, prevents further parsing of 
the video packet by the video PESP. Therefore, when the EnableParsing field is negated, 
the header of the video packet would not be parsed, and therefore, the packet would be 
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discarded. The counter controller can be controlled directly from the EnableParsing bit 
of the video control registers, or indirectly where the VIDEO signal is disabled by the 
TPP 620 in response to the EnableParsing bit being deasserted. 

Once the video PES header field has been parsed, register fields dependent upon 
the specific fields of the video PES header can be updated. The register set 780 is 
accessed and updated by the register controller 753 of Figure 21 , which is connected to 
storage locations 751 of the PESP. In addition, the register controller 753 can retrieve or 
access register data as needed. For example, the values EnableParser, ProcessStreamID, 
and StreamID are register values from register set 780. 

The video data control module 755 contains logic that enables the video data 
payload of the present packet to be stored. Operation of the control module 755 is 
determined in the content of various video control registers, as illustrated in Figure 18. 
The EnableParsing field is a one bit field, which when negated prevents any data from the 
current video packet from being saved. The ProcessStreamID field is 1 bit-field. When 
asserted, it enables further parsing based upon a specific stream ID value of the video 
PES header, such that if the video control register field StreamID of Figure 18, does not 
match the parsed steam ID from the current packet, the data of the packet will not be 
saved. This is an advantage over the prior art, where filtering on the stream ID field of 
the video PES was done in software, generally by the system. 

In the specific implementation illustrated, only the data payload of the video PES 
is stored. Since the parsing is done in hardware, there is no need for the header 
information to be stored. 

In another embodiment, the field labeled StartFromPUSICommand is used to 
indicate whether video PES parsing is to start immediately with the next packet or wait 
until a new PES stream is received as indicated by the VSTART signal, where the 
acronym PUSI stands for Payload Unit Start Indicator and is a part of MPEG-2 syntax. 
Once the new video PES stream is identified, the StartFromPUSICommand field is 
negated, and all subsequent video packets are further processed by the PESP. 
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The video PESP parser is bufferless in that no local buffers are used to store the 
payload data for access by other parts of the system. The prior art parsers stored the 
parsed data in large buffers locally, which were then capable of being accessed by system 
components by requesting access tot he local bus. The bufferless parsers of the present 
invention do not store data locally for access by the system. Instead, parsed data to be 
buffered is transmitted to the buffer controller 460, which buffers data in system or video 
memory. 

Figure 22 illustrates a method associated with a video PESP parser. At step 216, 
the PESP has received an indication that a video packet is ready to be parsed. The 
notification can be directly from the TPP, by a polling mechanism, or other type 
interrupt. Step 16 determines whether parsing of the video stream is enabled. This can 
be determined based upon the field labeled EnableParsing of the video control registers 
of Figure 18. When parsing of the video packet is not enabled, a specific action will 
occur. One action would be to perform no further processing of the packet, as illustrated. 
In another implementation, the packet would be automatically stored without further 
parsing, perhaps with the packet header field. When parsing of the video packet is 
enabled, the flow proceeds to step 217. 

At step 217, a determination is made whether the packet is to be parsed 
immediately, or whether parsing of video packets is to wait until a new video PES is 
detected. If the packet is to be parsed immediately, the flow proceeds to step 223. If the 
packet is not to be parsed immediately, flow proceeds to step 218 to determine when the 
proper criteria for parsing is met. Field StartFromPUSICommand indicates whether 
parsing is to be immediate. 

At step 218, a determination is made whether the present packet is the first packet 
of the video PES. If the packet is a new video PES packet, the field 
StartFromPUSICommand is disabled, and flow proceeds to step 219. If the new packet 
is not the first packet of a video PES, the flow will terminate as indicated with no further 
processing. 
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At step 219, a determination is made whether the current video packet is to be 
parsed based upon the packet stream ID. If so, flow proceeds to step 220, if not, flow 
proceeds directly to step 223. 

At step 220, the PESP parses the stream ID from the PES header as discussed 
with reference to Figure 21. In addition, Figure 23 illustrates addition hardware parsing 
which can be performed by the PESP. 

At step 222, a determination is made whether the parsed steam ID from the PES 
header is equal to the value stored at register field StreamID of the video control registers 
of Figure 18. If so, the field StartFromPUSICommand is disabled to allow subsequent 
packets associated with the video PES to be stored, and flow proceeds to step 223. If no 
match occurs, the flow terminates as indicated, and no further processing occurs. 

At step 223, the packet data is sent to the buffer controller for storage, as 
discussed with reference to Figure 25. 

Note that additional parsing steps can occur between steps 217 and 223, such 
that from step 217 additional parsing would occur. The parsing steps illustrated in Figure 
22 are all by-passed if the current transport stream packet is to be immediately routed to a 
system memory and parsed by the host processor. 

Figure 23 illustrates additional parsing features of the PESP 730. Figure 23, 
includes a counter controller 752, storage location 751, register controller 753, and data 
output controller 756. 

In the implementation of Figure 23, a storage locations within the storage 
locations 751 are reserved for the specific PES header field of the Packetized Elementary 
Stream . In the embodiment of Figure 21, inputs to the storage locations 751 for specific 
PES header fields are connected to the appropriate bits of the data bus, while the counter 
controller 752, which receives the VSTART signal indicating the start of a new video 
PES, receives PES header data from the FRAMER DATA representation of the transport 
stream at the correct time. 
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The counter controller 752 will generate enable signals to capture the various PES 
header fields based upon the values stored in locations 736, and a counter value generated 
by counter 737. The counter controller is controlled by the signals VIDEO, FRAMER 
DEN, and VSTART. The VIDEO signal indicates the current packet is a video packet. 
The FRAMER DEN signal indicates when the current FRAME DATA byte is valid, and 
VSTART indicates when the current packet is the first packet for the video PES, in other 
words, VSTART indicates when the video packet contains video PES header data to be 
parsed. Based upon the VSTART signal, and the FRAMER DEN signal, the counter 
controller 752 can determine which byte of the header is currently being received. As 
indicated with reference to the StartFromPUSICommand register of Figure 18, the 
counter controller can either allow for immediate PES parsing upon receiving a video 
packet, or it can wait to parse the PES data until a packet containing PES header 
information is received. Where PES parsing is immediate, the video data is provided to 
the output buffer. 

In operation, a compare operation determines if the present counter 737 values is 
equal to any of the values stored in location 736. If so, it indicates that the current clock 
cycle is providing data to be stored in one of the fields of storage locations 751. As a 
result, the controller 752 will generate an enable to the appropriate one or more fields 
represented in the current clock cycle, and the field data will be latched. 

The compare function 738 can be implemented in many different ways. For 
example, a state machine or logic can be used to indicated which of the storage locations 

751 are to be stored at a specific time. In addition, feedback is provided to the controller 

752 from various storage locations 751 to assure proper operation. For example, all PES 
header will have the field portions 766 of storage location 751. However, depending 
upon various values of these, and other fields, the field portions 767-769 may or may not 
be present in a particular PES header. 

For example, whether the fields portions 767 exist in a current header is 
determined by whether the binary framing indicator "10" immediately follows the PES 
packet length field as in Figure 3, and as stored in the OptionalHeader indicator field. 
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This QptionalHeader indicator field is compared to the expected value and the results are 
provided to the controller 752 to indicate additional parsing is to be done. As a result, the 
parser 752 continues to generate control signals to store the fields associated in the field 
portions 767. 

In a similar manner, the Flags field of storage portion 767 indicates which of the 
storage portions 768 are present, and the ExtentionFlags of storage portion 768 indicate 
which of the storage portions 769 are present. In this manner, the controller 752 
determines which header fields are present and need to be stored in storage locations 751. 

Once the video PES header field has been parsed, register fields dependent upon 
the specific fields of the video PES header can be updated. The register set 780 is 
accessed and updated by the register controller 753, which is connected to storage 
locations 751 of the PESP. In addition, the register controller 753 can retrieve or access 
register data as needed. Figure 24 illustrates a subset of the Status Register Fields 
associated with on implementation the PESP, while Figure 25 illustrates interrupt mask 
registers having corresponding bits. 

Once the header has been completely parsed, the data associated with the payload 
portion of the current PES packet can be provided to the data output controller 756 as 
discussed with reference to Figure 21. In an alternate embodiment, the 16 bytes of 
optional PESPrivate data associated with the PES header and stored in storage locations 
769 are provided external the PESP to a private data packetizer as will be discussed in 
greater detail herein. 

Figure 26 includes a detailed view of buffer controller 460 of Figure 5, video 
bus/memory controller 488, system bus/memory controller 468, video memory 471, and 
system memory 472. In the specific embodiment illustrated in Figure 26, the buffer 
controller 460 includes a data path for handling video PES data to be stored in the video 
buffer 500 of video memory 471 , and a data path for handling other PES data that is to be 
stored in system memory buffers 501-503 of the system memory 472. The data path for 
handling other PES data includes the System FIFO (First In First Out) controller 466, 
FIFO 462, and System HBI (Host Bus Interface) Controller 463. The data path for 
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handling video PES data includes a Video FIFO controller 486, FIFO 461, Video HBI 
Controller 483. Each of the System and Video data paths accesses transport 
demultiplexer register 465. 

In operation, the System FIFO controller 466 provides an interface between the 
Parsers of Figures 5 and 7 and the FIFO 462. The controller 460 allows filtered packet 
data to be received and stored in the FIFO 462. Once stored in the FIFO 462, the System 
HBI controller 463 requests access to the video memory 471 through the controller 468. 
The controller 468 may include a system bus controller, a memory controller, or a 
combination of a memory/system bus controller. Generally, the controller 468 will 
control access to other system resources as well. 

In accordance with the invention, the System Memory 472 has been partitioned 
by the system host to include one or more system circular buffers 501-503. The system 
buffers 501-503 are implemented as circular buffers and are filled by operation of the 
controller 483. The controller 483 handles the buffer "write" pointer. The "read" pointer 
for the buffers is managed by the software on the system host side (not shown) which 
retrieves data from the buffers 501- 503. There can also be a "high water" mark register 
associated with each buffer (not shown). The purpose of a "high water" mark register is 
to provide an interrupt when the write pointer crosses the value in this register. However, 
because there is generally only one interrupt for each of the plurality of buffers, software 
polling can be used to determine the cause of the interrupt. 

In a specific implementation, the number of system buffers is limited to 15 
buffers. The transport core may use fewer than 15 buffers. More than one PID per buffer 
is allowed. However they have to be different, i.e. the same PIDs can not be allocated to 
more than one buffer (i.e. one TSP packets can be routed into only one destination ring 
buffer). The Transport Demultiplexer registers of Figure 19 are used to specify where 
data associated with a specific PID is to be stored. For each PID to be saved, a buffer 
index is used to specify one of the 15 buffer locations in system memory. Multiple PID 
types can be stored at a common buffer by specifying the same buffer in the Bufferlndex 
field In an alternate embodiment, data associated with all system PIDs can be stored to a 
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single buffer, which may be specified or defined by default. Note with reference to 
Figure 7, the buffer index, or location, can be determined by one of the parsers, and 
provided to the Buffer controller 760. 

The video data path of Figure 26 is handled in a manner analogous to the system 
path described above. However, in the specific embodiment, only one buffer, in video 
memory, is associated with the video path. 

The physical memory location and the size of the ring memory buffers 500-503 is 
specified by the system host using buffer configuration and management registers (not 
shown). The host processor has to initially specify buffer start address and length of the 
buffer. Other buffer data can also be used, for example, a threshold register can be 
implemented. 

The size of the video buffer depends on horizontal and vertical pixel resolution, 
frame rate, profile and level, maximum bit rate and video buffering verifier (VBV). 
ATSC requires a buffer of minimally 0.95MB (VBV = 488); while for MPEG-2 Main 
Level at High Profile, the size is 1.17MB (VBV- 597). The buffer controller 460 will 
manage a write pointer for the video stream. The read pointer is managed by the control 
488 associated with the video adapter. Hardware or software can generate an interrupt if 
the write pointer is equal to the read pointer - 1 (overflow condition). 

Regarding the audio buffer requirements, the worst case is for a when the nominal 
audio bit rate 640 kbps with sampling frequency of 32 kHz. The actual size of the 
compressed bit stream audio buffer depends on a priority and the rate of occurrence of 
the audio decoder thread, when audio is decoded in software. 

On a channel change, software will flush the buffers by setting the read pointers 
to be equal to the write pointers after the transport stream parser has been turned off. 

Figure 27 illustrates a mbthod in accordance with the present invention describing 
the operation of the system HBI container 463 of Figure 26. The flow is also applicable 
to the video HBI controller 463. At stqx^Ol, a determination is made whether there is 
data stored in the FIFO 462. If not, flow^remains at step 801 until data is present, 
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otherwise, the fTbs^roceeds to step SiO. At step 810, the butter to which the data is to 
be stored is identified. TTie^destination buffer is identified when matching and crossing 
the PID number, or identifier, to mNjijffer number in the transport demultiplexer register 
465. The buffer can be identified by accS&smg the allocation table, or by receiving a 
buffer index from the transport parser or other ponh>o s of the transport core. 

At step 802, a determination is made whether the identified buffer is full, or 
otherwise not capable of receives additional data. If the buffer is not capable of receiving 
additional data, the flow loops back to step 802 through step 811, which implements a 
delay. Note the delay of step 811 may be a fixed delay, as result of polling to determine 
if the buffer is full, or the delay of step 811 may be variable, such as where the delay is 
based an interrupt which indicates when the buffer is available. Once the desired buffer 
is no longer full, flow proceeds to step 803. 

At step 803, a bus request is made to allow access to one of the buffers 501-503. 
Once the bus connected to the buffer has been acquired, the next block of data is written 
to the appropriate buffer at step 804. A block of data can be a word, double word, or any 
other size of data specified by the system. In a specific embodiment, the parsers of 
Figure 5 assure data is provided to the FIFO only in whole blocks by always writing 
entire blocks of data to the FIFOs. 

At step 805, a determination is made whether the identified buffer 501-503 is now 
full. If so, the flow proceeds to step 807 where the bus is released, if not full, the flow 
proceeds to step 806, where it is determined if more data is to be written. 

At step 806, a determination is made whether more data resides in the FIFO 462. 
If so, flow proceeds to step 804, otherwise, the flow proceeds to step 807 where the bus 
accessing the Buffer is released and flow returns to step 801 . In another embodiment, the 
bus would be released after each block is transferred, instead of determining if more data 
is to be written. By implementing the flow of Figure 26, the data stored in the FIFO 462 
is transferred to the buffers. 
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The buffer implementation described provides an advantage over the prior art in 
that moving the buffers in to system and video memory associated with an external 
system, such as a general purpose computer, allows for bufferless parsers. As a result, 
the system and video resources do not havd to wait to access buffers local to the parsers. 
The performance improvements using bufferless parsers has be observed by the present 
inventors to be up to 40% over the prior art. In addition, by allowing for parsing of the 
PES data, it is possible to limit the amount of bandwidth used to store unused data. One 
skilled in the art will recognize the present invention has been described with reference to 
a specific embodiment, and that other implementations and variations of the present 
invention would be anticipated. For example, when a TSP is "sent" from the TP to the 
PESP or the buffer controller, it is to be understood that not necessarily all of the header 
information need be sent. In fact, in would generally be necessary for only the PID 
associated with the packet be forwarded. In addition, the location and implementation of 
the register sets and functionality described herein can be partitioned in ways other than 
the specific implementations described. 

The AFP parser 750, illustrated in Figures 5 and 7, parses data associated with the 
adaptation field of a transport packet. The Transport Packet Parser 720 enables operation 
of the Adaptation Field Parser 750 when the adaptation field of the header indicates the 
presence of an adaptation field. Figure 28 illustrates, in block diagram form, a detailed 
view of the Adaptation Field Parser 750. 

The AFP 750 illustrated in Figure 28 includes adaptation control counter 782, 
latch 785, register logic 786, and storage and register locations 781, 783, and 784. In 
operation, the adaptation control counter 782 receives signals on connections labeled AF 
START, FRAMER DEN, and FRAME DATA. The connection labeled AF START 
receives signals from the Transport Packet Parser 720, and indicates the beginning of the 
transport packet's adaptation field. The connection labeled FRAMER DEN receives 
signals from the Framer 71, and indicates when each new byte of data is available on the 
FRAMER DATA bus. Based upon the received signals, the adaptation control counter 
782 provides the control signals necessary to parse specific field information from data 
received on the FRAME DATA bus. 
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In operation, the Transport Packet Parser 720 will assert a signal on to the 
connection AF START in response to the adaptation field control portion of the transport 
packet header indicating the presence of an adaptation field. The signal on the AF 
START connection will be asserted in relation to the assertion of the first byte of 
adaptation field data onto the FRAMER DATA bus. 

The first byte of the adaptation field indicates the length adaptation field. 
Therefore, the adaptation control counter 782 will latch the first byte of the frame data 
into a storage location labeled AF LENGTH to determine the length of the adaptation 
field. Accordingly, the adaptation field has a variable length between 1 and 183 bytes 
long. By decrementing the adaptation field length by one as each new byte of data is 
received on the FRAME DATA bus, the adaptation control counter 782 can monitor 
which fields, or field portions, of the adaptation field are present on the FRAME DATA 
bus at a specific time. Accordingly, the adaptation control counter 782 provides 
operational control signals to each of the storage locations of storage portion 781 to 
correspond to the presence gets data on the FRAME DATA bus. 

Generally, the storage locations 781 correspond to specific registers of the register 
set 780 of Figure 7. For example, the discontinuity indicator field is known to be the first 
bit, of the second byte, of the adaptation field. Therefore, the storage location labeled 
Discontinuity Indicator of storage area 781 will be connected to only the first bit of the 
FRAME DATA bus. Furthermore, logic associated with the Adaptation Control Counter 
782 will provide a latch control signal to the Discontinuity Indicator of storage location 
781 only when the counter associated with the Adaptation Control Counter 782 indicates 
the second byte of data is present on the FRAME DATA bus. In a similar fashion, the 
other specific adaptation bit-fields associated with locations 781 will be parsed. Note that 
the individual locations of storage locations 781, may be the actual register locations of 
register set 780, or may be storage locations local to the adaptation field parser 750. 
Where the storage locations are local to the parser 750, a register control portion (not 
shown) can be used to update values within the register set 780. 

The Optional Flags field of storage locations 781 is connected back to the 
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adaptation control counter 782 in order to provide feedback. The need for this feedback 
is best understood with reference to prior art Figure 1 . Prior art Figure 1 illustrates that 
the adaptation field can include five optional fields. The presence of each of these five 
optional fields is indicated by flag bit. The field labeled Optional Flags represents the 
five flags of the adaptation field to indicate the presence of the optional fields. Therefore, 
by providing feedback from the optional field location, the adaptation control counter 782 
can correctly determine which optional field data is present, and when to receive optional 
field data. 

Storage locations 784 generally represent register locations whose values are 
determined based upon the parsed information of storage locations 781. Specifically, the 
register logic 786 monitors the operation of the adaptation control counter 782 and/or the 
contents of the locations 781 to determine when the PCR value has been received. In 
addition, the displaced countdown value received at the adaptation field parser is 
monitored determine when the actual video splicing point occurs. 

When the optional flags indicate that the optional fields includes transport private 
data, the adaptation control counter 782 will provide the private data from the FRAME 
DATA bus to a PESP PRIVATE DATA bus through either directly, or through a latch 
785. In addition, the adaptation control counter 782 will provide a signal to a node 
labeled PRIVATE DATA ENABLE to indicate when the PESP PRIVATE DATA bus 
has valid data. In one embodiment, the PRIVATE DATA ENABLE node is clocked for 
each valid byte of data written to the PESP PRIVATE DATA bus. In another 
embodiment, the PRIVATE DATA ENABLE node would include multiple nodes, 
whereby one node pulsed to indicate each valid byte of data written to the PESP 
PRIVATE DATA bus, while the other node indicated the valid PESP private data cycle. 
The valid PESP private data node would be asserted for the entire assertion of PESP 
private data from a common transport packet. 

Operation of the adaptation field parser 750 is better understood with reference to 
Figures 29 through 3 1 which illustrates portions of the register set 780 associated with the 
adaptation field parser 750. Specifically, Figure 29 illustrates status registers, Figure 30 
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illustrates interrupt mask registers, and Figure 31 illustrates control registers. 

Figure 29 illustrates a number of status register fields associated with the register 
set 780 of Figure 7, which are associated with the operation of the adaptation field parser 
750. Video AFPcrReceived is a single read bit, which is set to 1 after arrival and 
extraction of the PCR sample in the adaptation field. The assertion of this bit will cause 
an interrupt be generated if the VideoAFPPcrReceived bit of the event interrupt mask is 
enabled. Subsequent read access of this field will cause it to be cleared. 

Register field VideoAFPcrDiscontinuity is a single bit of R/W field data that is set 
to 1 when a discontinuity indicator in the adaptation field is asserted. The assertion of 
this bit will cause an interrupt to be generated if the VideoAFPCRDiscontinuity bit of the 
event interrupt mask of Figure 30 is enabled. Subsequent access of this field by software 
will cause the field to be cleared. 

Register field VideoAFDiscontinuityFlag is a single bit R/W field that is set to 1 
after a discontinuity indicator flag has been asserted in the adaptation field of the video 
transport packet. Assertion of the discontinuity indicator flag indicates discontinuity on 
the continuity counter. The assertion of this bit will cause an interrupt to be generated if 
the VideoAFDiscontinuityFlag of the event interrupt mask register of Figure 30 is 
asserted. The subsequent access of this field by software will cause this field to be 
cleared. 



Register field VideoAFRandomAccess is a single bit R/W field that is set to 1 
when the video packet has a random access flag asserted in the adaptation field. This 
indicates the start of the new elementary stream. The assertion of this bit will cause an 
interrupt be generated if the VideoAFRandomAccess bit of the event interrupt mask 
register of Figure 30 is asserted. The subsequent access of this field by software will 
cause the field be cleared. 

Register field VideoAFSplicingFlag is a single bit R/W field that is set to 1 when 
the video packet has the splicing point flag asserted in the adaptation field. This flag 
indicates that a splicing point is approaching. The assertion of this bit will cause an 
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interrupt to be generated if the VideoAFSpiicingFiag bit of the event interrupt mask 
register of Figure 30 is asserted. The subsequent access of this field by software will 
cause the field to be cleared. 

Register field VideoAFSplicingPoint is a single bit R/W field that is set to 1 when 
the video packet has the VideoAFSpiicingFiag asserted and the AF Splice Countdown 
register has a value of 0. The setting of this bit is controlled by the register logic 786 of 
Figure 28. The assertion of this bit will cause an interrupt to be generated if the 
VideoAFSplicingPoint bit of the event interrupt mask register of Figure 30 is asserted. 
The subsequent access of this field by software will cause the field to be cleared. 

Register field VideoAFPrivateData is a single bit R/W field, which when set to 1 
indicates the video packet has adaptation field private data. The assertion of this bit will 
cause an interrupt be generated if the Video AF Private Data bit of the event interrupt 
mask register of Figure 30 is asserted. The subsequent access of this field by software 
will cause the field to be cleared. 

Register field AFSpliceCountdown is a byte wide R/W field that contains the 
current splice countdown value from the current adaptation field. 

Figure 31 illustrates control registers associated with register set 781 that control 
operations associated with the Adaptation Field Parser 750. 

Register field EnabledAFPrivateData is a single bit R/W field that when asserted 
enables parser of the adaptation field private data. 

Register field AFPrivateDataBufferlndex is a four bits field which specifies 1 of 
up to 15 destination buffers in the system memory where the private data is to be stored. 

Register field PCRIndex is a five bits field which specifies one of 32 PID values 
from which the PCR data is to be extracted. 

Register field Enabled Auto Splicing is a single bit R/W field that enables 
automatic splicing of the video elementary stream. 
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Figure 32 iiiustrates an aitemate embodiment of a portion of the transport 
demultiplexer illustrated in Figure 7. Specifically, Figure 32 illustrates a Private Data 
Packetizer 740 connected to the Adaptation Field Parser 750 and the Video PESP 730. 
The Adaptation Field Parser 750 is connected to the Private Data Packetizer 740 through 
the AFP PRIVATE DATA bus and node PRIVATE DATA ENABLE. The Video PESP 
730 is connected to the Private Data Packetizer 740 through the bus labeled VIDEO 
PRIVATE DATA and node labeled VIDEO PRIVATE DATA ENABLE. The Private 
Data Packetizer 740 receives private data from the AFP 750, and video PESP 730 and 
associated control signals. In turn, private data packetizer 740 provides the private data 
packet on a bus labeled PRIVATE DATA to buffer controller 760, and a control signal 
on the node labeled PRIVATE DATA ENABLE to the buffer controller 760. 

In operation, private data associated with the video PESP 730 has a fixed length 
of 16 bytes. However, the private data associated with the transport packet, which is 
parsed by the AFP 750, has a variable length from 1 to 181 bytes. Because the FIFOs 
761 and 762 of the buffer controller 760 store double words, it is possible, and in fact 
likely, that the private data associated with the adaptation field of transport packet will 
not provide to the FIFOs private data that ends on a double words boundary. The 
significance of this is best understood with a discussion of the operation of one 
embodiment of the buffer controller 760. 

During normal operation of the buffer controller 760, bytes of data associated 
with transport packets from the Transport Packet Parser 720 and video data from the 
Video PESP 730 are provided to the buffer controller 760. Each parser has a 
corresponding double word buffer in the buffer controller 760, which receives and stores 
the individual bytes of data until an entire double word has been received. For example, 
the first byte of data provided by the Transport Packet Parser 720, is stored in the first 
byte location of a double word buffer 763, while the second, third, and fourth data bytes 
will be stored in second, third, and fourth byte locations of the double word buffer 763 
respectively. When the double word buffer 763 has received the fourth byte, the double 
word is written from the double word buffer 763 to the FIFOs 761, thereby freeing up the 
double word buffer 763 for subsequent bytes. 
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When a specific data packet of a packetized elementary stream does not end on a 
double word boundary, the double word buffer 763 will be partially filled and therefore 
not send the end of the reception of the specific data packet. However, this is not a 
problem if specific data packet is repeatable over many packetized elementary streams, 
because the subsequent data packet associated with the same packetized elementary 
stream can be expected to be received within a relatively short amount of time to 
complete filling the double word buffer. Once the double word buffer is filled using data 
bytes from the subsequent data packet, the field double word buffer 763 will be sent to 
the FIFOs 761. 

While it is not problematic for a specific packet of a packetized elementary stream 
to not completely fill the double word buffers associated with the buffer controller 760, 
the same is not true of private data associated with specific transport stream or packetized 
elementary stream. This is because the private data associated with packetized 
elementary stream has a fixed length and is not streaming data of the type associated with 
the transport packet parser 720 or the video of the video PESP 730. Because the private 
data from be transport packet has a variable length, there is no guarantee that the private 
data will end on a double word boundary. If the private data does not end on a double 
word boundary, the partial double word portion of private data at the end will not be sent 
to the FIFO until additional private data from unrelated source is received. Therefore, the 
system software that interprets private data, would have incomplete data. The private data 
packetizer 740, illustrated in Figure 32, addresses this problem. 

In operation, the private data packetizer 740, can receive private data from each of 
the Adaptation Field Parser 750, and the Video PESP Parser 730, and forms a private 
data packet to be sent to the buffer controller 760, which is guaranteed to have a length 
that ends on a double word boundary. Note that both the packetized elementary stream 
data from the Transport Packet Parser 720, and the private data generated by the private 
data packetizer 740 are sent to the system FIFOs 761. An index indicator, which 
specifies which circular buffer in system memory the private data is to be stored, is 
provided to the FIFOs 761. The index indicator is specified in the register field labeled 
AFPrivateDataBufferlndex, which was discussed with reference Figure 31 herein. 
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Therefore, all private data, whether from the Adaptation Field Parser 750 or from the 
Video PESP 730, is been provided to the same buffer in system memory. Figure 33 
illustrates the private data packetizer 740 in greater detail. 

The private data packetizer 740 of Figure 33 includes counter controller 741, the 
AF Data Type Code storage location 742, PES Data Type Code storage location 743, 
Stuffing Code storage location 744, AFP Data Latch 745 PESP Data Latch 746, and fixed 
length Indicator Code 747. 

The AF Data Type Code storage location 741 stores the specific eight-bit type 
indicator associated with the adaptation field private data. The PES Data Type Code 
storage location 743 stores the specific the eight-bit type indicator associated with the 
PESP private data. The Stuffing Code storage location 744 stores the specific eight-bit 
stuffing code which is used to pad private data packet to insure the private data packet 
always ends on a double word boundary. The AFP Data Latch 745 is used to store the 
actual private data from the adaptation field parser to be provided to the buffer controller 
760. Similarly, the PESP Data Latch is used to store the actual private data from the 
PESP parser is to be provided to the buffer controller 760. The fixed length indicator 
code 747 stores the fixed length value associated with the PESP parser private data. In 
the specific example, the PESP parser private data will always be 16 bytes of data, or 
0x10 hexadecimal. 

In operation, the counter controller 741 can be enabled either by be AFP Data 
Enable signal, or by the PESP Data Enable signal. When the counter controller 741 is 
enabled by the PESP Data Enable signal, the number of bytes of private data is fixed at 
16 bytes, therefore, the value of 16 will be used by be AFP counter controller 741 to 
generate the appropriate signal for the PRIVATE DATA bus. Unlike PESP private data, 
AFP private data has a variable length. The actual number of bytes of AFP private data, 
not including the length byte, is transmitted in the first byte of the AFP private data field 
of the data packet. Therefore, the counter controller receives the number of bytes of 
transport packet private data by latching the first byte of the private data field of the data 
packet. The first byte of the private data field is received on the AFP DATA bus on or 
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after the FES Data Enable signai has been received. Based upon the source of the private 
data and the length of private data, the private data packetizer 740 will construct the 
private data packet. 

Figure 34 illustrates a specific embodiment of a private data packet generated by 
the private data packetizer 740. Data block 771 illustrates the format of the private data 
packet having specific fields: type, length, data, and stuffing. 

The type field of the private data packet indicates the source of the private data, 
either transport packet private data, or video PES data. In a specific embodiment, the 
hexadecimal value of 0x55 is used to indicate private data associated with the transport 
packet received from the AFP 750, and a hexadecimal value of OxAA is used to indicate 
private data from the video PES received from the video PESP. Note that in other 
embodiments of the present invention, additional data types can be received from other 
sources. 

The length field of the private data packet specifies the length of private data that 
is to follow the private data packet. Note that in the specific embodiment illustrated, be 
value of the length field does not include a count for the length field byte. 

The stuffing field of the private data packet is used to assure the private data 
packet ends on a double word boundary. As indicated, the stuffing field can include zero 
to three bytes of data. 

Data block 772 of Figure 34 illustrates a private data packet associated with the 
video PES stream. Specifically, private data packet 772 has a type value of hexadecimal 
value OxAA indicating the private data packet is associated with a video PES. The length 
field of packet 772 has a hexadecimal value of 0x10, which indicates that 16 bytes are 
contained within the subsequent data field. Accordingly, the subsequent data field of the 
private data packet includes 16 bytes, 0 through F. Because the length of the fields type, 
length, and data is no one, the number of stuffing bytes needed to insure the private data 
packet ends on a double word boundary is readily determined. Therefore, two stuffing 
bytes of OxFF are represented in the stuffing field of private data packet 772. 
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By adding to stuffing bytes in the stuffing fieid of the private data packet, the 
length of the private data packet ends on a double word boundary. Therefore, when the 
data bytes of the private data packet 772 of Figure 34 are provided to the buffer controller 
760, and more specifically to the double word buffer 764 of the buffer controller 760, it is 
assured that the entire private data packet will be provided to the FIFOs 761 without 
delay. Once the data is provided to the FIFO 761, the double word of data will be 
provided to the appropriate buffer in system memory. System software will, therefore, be 
able to access the private data stored in system memory without delay, and determine the 
type of data based upon type field, and length of the data based upon length field. Private 
data packet 773 of Figure 34 illustrates another specific private data packet. Specifically, 
packet 773 has a type value of hexadecimal value 0x55, which represents an adaptation 
field data packet. The length field of the packet 773 has a hexadecimal value of OxOF, 
which indicates 15 bytes of data are associated with the adaptation field private data. As 
a result, 15 bytes of data 0 through E are represented in the data field, and a total of three 
stuffing bytes are needed in order to assure that private data packet ends on a double 
word boundary. 

Data blocks 774 and 775 indicate other specific private data packets associated 
with the transport packet provided by the adaptation field parser 750. Specifically, the 
length of the private data has been varied in packet 774 and 775 to illustrate packets 
having a single stuffing byte, and no stuffing bytes respectively. 

Referring to Figure 33, the counter controller 741 provides the appropriate data 
type code to the buffer controller 760 by selecting storage location 742 or 743 
respectively depending upon whether adaptation field private data or video PES private 
data is being received. As a result, the appropriate data type will be provided onto the 
bus labeled PRIVATE DATA. Note the bus labeled PRIVATE DATA is illustrated to be 
a wired-OR bus, however any type of multiplexing would be the appropriate. 

The length field of the private data packet is provided to the PRIVATE DATA 
box differently depending upon whether adaptation field private data or video PES 
private data is being provided. The length of video PES private data, which is always 16 
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bytes, is provided to the PRIVATE DATA bus by selecting the storage location 747, 
which contains the hexadecimal value 0x10. Enabling the storage location 747 allows the 
hexadecimal value 0x10 be provided to be PRIVATE DATA bus. The length of 
adaptation field private data is provided to the PRIVATE DATA bus by latching the first 
byte of the adaptation field private data into be AFP data latch 745. Because the first 
byte of the adaptation field private data specifies the number of private data bytes that 
follow, the appropriate length value for the length field is provided to the PRIVATE 
DATA bus. 

Once the type and length field data have been provided to the PRIVATE DATA 
bus, the actual data is provided to the PRIVATE DATA bus. This is accomplished in a 
similar manner for both the adaptation field private data and a video PES private data. 
Specifically, the counter controller 741 latches the data into one of the appropriate data 
latches AFP data latch 745, or PESP data latch 746. In response, be associated private 
data is provided to the PRIVATE DATA bus. Note the private data could be provided to 
the PRIVATE DATA bus directly to transmission gates, or any other appropriate logical 
interface. 

The generation of stuffing codes, from the stuffing code register 744, is controlled 
by the control counter 741. Because the control counter 741 knows the length of the 
private data provided, it can readily determined the number of bytes needed, if any, to 
assure the private data packet ends on a double word boundary is readily calculated. 
Therefore, after the last byte of the private data, from either the AFP or PESP, the 
appropriate number of stuffing codes are been provided to the PRIVATE DATA bus by 
selecting the storage location the 744 determined number of times this assures the buffer 
controller 760 will receive a number of bytes that and on a double word boundary. As a 
result, the private data can be provided to the system buffer controller 760 without delay. 

Figures 35 through 38 illustrate a method of performing automatic splicing using 
the data parsed herein provided to their respective registers. The term splicing refers to 
the process of switching between two video streams. For example, splicing can be used 
to switch between the video of the main program and a video of a commercial, between 
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video to a commercial, and from a commercial video back to the main program video. 
The method of Figures 35 through 38 is contingent upon being enabled by the compound 
to field of the control register. Splice points can be sorted as Out Points or In Points. 

An Out Point is a location in the stream where the underlying elementary stream 
is well constrained for a clean exit (usually after I or P frame). An Out Point Packet is the 
packet of the PID stream preceding an Out Point. MPEG-2 syntax defines Out Points at 
transport layer as: 

splicing_point_flag =1, splice_countdown = 0, seamless_splice_flag =1; 

An In Point is a location where the stream is well constrained for a clean entry 
(usually just before a sequence_header and I frame at the closed GOP. MPEG-2 syntax 
defines In Points at transport and PES layers as: 

splicing_point_flag =1, splice_countdown = -1, seamless_splice_flag =1; 
payload_unit_start_indicator = 1 random_access_indicator = 1, data alignment indicator = 1; 

At step 301, of Figures 35, the interrupt mask register is written to, in order to 
enable reception of interrupts based upon the video splicing flag and the video splicing 
point. The video splicing flag and the video splicing point values are determined by 
parsing performed by the Adaptation Field Parser 750. The video splicing flag indicator 
is one of the optional flags of storage location 781 of Figure 28, and is represented by 
register field VideoAFPSplicingFlag in the global status register of Figure 29. The video 
splicing point is determined by register logic 786 of Figure 28, and results in the register 
field labeled VideoAFSplicingPoint being set when the video splicing flag is set and the 
splicing countdown register, labeled AFSpliceCountdown, is equal to 0. 
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At step 302, the method of Figure 35 waits for an interrupt to occur. 

At step 303, an interrupt has been received, and a determination is made as to the 
interrupt type. If the interrupt type is a splice point, the flow proceeds to connector A, 
which is continued at Figure 38. If the interrupt type is a splice flag, the flow proceeds to 
step 304. If the interrupt type is a different type of interrupt, the flow returns back to step 
302. 

At step 304, a determination is made as to the type of splice represented by the 
splice flag interrupt. This can be determined by analyzing the splice countdown value 
received by the adaptation field parser 750 of Figure 28. Specifically, if the splice 
countdown value is a positive value it is an indication that the splice flag has identified an 
out-splice point. An out-splice point indicates that the current video elementary stream 
being received is about to end, and the flow proceeds to connector B, which continues at 
Figure 36. 

If at step 304 the splice countdown value is equal to zero, it is an indication the 
splice flag has identified a splice point. The splice point is as identified as that point in 
time were video is to be switched from a current video stream to a next video stream. A 
splice point flag is set and the adaptation field parser 750 of Figure 28, when the splice 
flag is asserted, and the splice countdown register is equal to 0. (Note that under normal 
operation, the splice point path from step 304 will not be taken because the splice point 
should have been detected at step 303, thereby bypassing step 304). 

If at step 304, it is determined that the splice countdown value is negative, it is an 
indication that an in-splice point has been identified. And in-splice point indicates that 
the current video elementary stream being played is just began, and the flow proceeds to 
connector C that continues in Figure 37. 

One skilled in the art will recognize that specific register values identifying 
splice-in points and splice-out points could be provided in the same manner the separate 
register location was provided for the splicing point. Likewise, many other variations of 
the specific flow herein can be made without departing from the inventive intent. 
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When out point has been detected at step 304, the flow proceeds to Figure 36. At 
step 310, of Figure 36, the splice flag interrupt is disabled. The splice flag interrupt is 
disabled because specific method illustrated in Figures 35 through 38 only needs to 
execute and out point routine one time. Since the splice countdown value for an out point 
includes the values from 7 to 1 the out point routine disables the splice flag interrupt at 
step 310 in order to avoid having to unnecessarily process interrupts caused by the 
subsequent out point values. 

At step 311, splice point interrupts are enabled. Note that splice point interrupts 
should already be enabled from step 301 of Figure 35. Therefore, the step 311, under 
ideal operating conditions, will be redundant and not strictly necessary. 

At step 312, acquisition of the PAT table is requested. The PAT table is 
discussed with reference to prior art Figure 2. 

At step 313, a determination is made whether or not the PAT table version 
number has changed. If the PAT table version number was not changed, the flow 
proceeds to step 314. However, if the PAT table version number was changed, the flow 
proceeds to step 317. 

At step 3 1 7, if the PAT table version number has changed, a new PMT table, see 
Figure 2, is fetched and the flow proceeds to step 314. 

At step 314, a determination is made whether or not the current splice is valid. A 
valid splice point is recognized by asserted (set to 1) splicing_point_flag and 
seamless_splice_flag. Flags are stored in the global status register. If it is determined that 
the current splice point is not valid, the flow proceeds to step 302 of Figure 35. However, 
if it is determined that the current splice point is valid, the flow proceeds to step 315. 

At step 3 1 5, a request is made to receive the break duration time as an optional 
bit-field available in the splice_info_section that indicates an approximate time when the 
break will be over and when the network In Point will occur. At step 316, the new PID 
number, received from the new PMT table, is written to a register that shadows the 
VideoPid register of Figure 18. Referring to Figure 16, the VIDEO PID storage location 
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424 provides the PID value which identifies the current video stream, while the shadow 
register associated with location 424 (not illustrated) stores the PID value of the next 
video stream to be accessed at the splice point. Subsequent to step 316, flow proceeds 
back to step 302. 

When it is has been determined at either step 303 or step 304 that the splice point 
has occurred, the flow proceeds to Figure 38. At step 331 of Figure 38, the PID value 
stored in the shadow register is transferred into the active PID register. As result, the 
value stored in the VIDEO PID location 424 of Figure 16 is updated to the new PID 
value, resulting in the new video PID packets been identified, and selected, as the current 
video stream. In effect, the newly selected video image will be displayed. 

At step 332, a request is made to update the STC counter. The STC counter is 
updated in order to synchronize the system counter with the new program counter, i.e. a 
new time base. 

At step 333, the splice flag interrupt is enabled. The Splice Flag Interrupt Enable 
Bit is asserted in order to allow for the recognition of the splice in point. From step 333, 
the flow proceeds to step 302 of Figure Note that in another embodiment of the present 
invention, a determination step could be made at the beginning of the flow of Figure 38 
as to whether the new PID is associated with a desirable program. If not, an alternate 
flow ignoring the PID, or using a dummy or alternate PID, could be used. For example, 
this feature could be used eliminate viewing commercials or other program types. 

If at step 304, Figure 35, it is determined that an in-splice point is occurring, the 
flow proceeds to Figure 37. At step 336, of Figure 37, a determination is made whether 
or not this is the first in-splice point interrupt service request. The first in-splice point 
interrupt service request, is generally associated with the value minus 1 of the splice 
countdown register. However, in order to accommodate for possible lost packets, the 
determination of step 320 may be used along with an indicator as to whether or not to the 
previous in-splice point interrupt service request has occurred. If this is not the first in- 
splice point, the flow proceeds to step 302 of Figure 35. If this is the first in-splice point, 
the flow proceeds step 337. 
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At step 337, a determination is made whether or not the in-spiice point indicator is 
valid. The in-splice point indicator is validated by determining whether or not random 
access flag register is set along with discontinuity flag register. The random access flag 
register, and discontinuity flag register, should both be set because the first packet of a 
new data stream will indicate the current packet is capable of being randomly accesses 
by the system, and since no previous packets are associated with the PES stream the 
discontinuity flag should be set. 

At step 338, a request for PMT table acquisition is made. This is done to verify 
that current PID assignment for a present program is as before the brake (or before added 
commercial). At step 339, a determination is made whether the PCR and video PID 
values are valid. PIDs are verified by analyzing a content of received PMT table for 
known MPEG-2 program_number. Change formidable if the PCR and PIDs are okay, 
flow proceeds to step 302 of Figure 35. Otherwise, flow proceeds to step 340. 

At step 340, the new PID values are updated. 

The method described 32 through 35 provides advantages over the prior art by 
allowing for the automated handling of in-splice point. Utilizing register values updated 
by the hardware parsers described herein, automatic splicing is enabled. The amount of 
saved system software bandwidth provides an advantage over the prior art. 

Therefore, one skilled in the art will recognize that providing for hardware 
parsing of adaptation fields, and the generation of the private data packet regardless of 
the source of private data, provides advantages over the prior art. In addition, the splicing 
method described herein, provides for automatic hardware splicing control, which 
provides advantages over prior art methods of software control splicing. 

In another embodiment of the disclosure, a transport stream demultiplexer core register 
set is initialized to indicate a possible set of transport stream characteristics. An 
acquisition routine is executed. If acquisition of the transport stream signal does not 
occur during a predetermined amount of time, the acquisition is not successful. When not 
successful, the register set is initialized to indicate a different possible set of transport 
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stream characteristics, and the acquisition routine is once executed. This process 
continues, until the transport stream core acquires the transport stream signal. 



Figures 39-42 illustrate a specific implementation of a method for blind 
synchronization to a transport stream. Blind synchronization allows the framer to acquire 
the transport stream, i.e. lock onto the transport stream, without any prior knowledge of 
the transport stream characteristics. 

As discussed with reference to Figures 8 and 9, the transport stream can include a 
variety of signals. At a minimum, the transport stream will include a data signal 
(TDATA) and a clock signal (TCLOCK). Additional signals that may exist include 
TSTART, TVALID, and TERROR. Based upon these signals, the transport stream has a 
number of characteristics, such as individual signal polarities, and data ordering. 

One transport stream characteristic is the polarity of the control signals, which can 
vary based upon the service provider implementation. In other words, each of the control 
signals TVALID, TSTART, and TERROR can be either active high or active low signal. 
As illustrated in Figure 14, each of the control registers has respective register field 
(TJValidPolarity, T_StartPolarity, and TJErrorPolarity) to specify the active edge of each 
control signal. 

An additional characteristic is the data ordering, or the bit polarity. Because the 
data is received bit at a time, or by bytes, whether the LSB is first or the MSB is first can 
vary. A field labeled FramerBitPolarity is used to select between a LSB and MSB bit 
polarity of TDATA. 

Another transport stream characteristic is whether the TCLOCK signal latches 
data on a rising edge or on a falling edge. A field labeled FramerClockPolarity is used to 
select between these two characteristics. 

At step 91 1 of Figure 39, these variables are initialized to represent a specific set 
of transport stream characteristics. As further illustrated in step 921 of Figure 40, the 
registers T ErrorPolarity, T_StartPolarity, and TJValidPolarity are set equal to zero. For 
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purposes of discussion, a vaiue of zero wiii represent an active low polarity, while a value 
of one will represent an active high polarity. 

A variable BITORDER, which corresponds to field FramerBitPolarity, is set to 
LSB to indicate the LSB of TDATA is to be received first, or right justified bytes of 
data are received. The variable BIT_ORDER can also be set equal to LSB to indicate the 
MSB of TDATA is to be received first, or will be right justified where bytes of data are 
received. 

A variable labeled CLOCK POLARITY, which corresponds to the field labeled 
FramerClockPolarity in Figure 14, is set to zero, where zero indicates that TDATA is 
latched on a falling edge. 

At step 922 of Figure 40, other initialization overhead functions are performed. 
For example, Figure 14 illustrates a field labeled FramerMode that specifies the signals 
associated with the transport stream. Step 912 can include initialization of this field as 
well. 

As step 912 of Figure 39, a verification routine is executed. The verification 
routine is illustrated in greater detail with respect to Figure 41. At step 931 of Figure 41, 
reception of the transport stream is enabled. In effect, it implements settings of the 
current transport stream characteristic. Upon enabling reception of the transport stream, 
the framer portion of transport stream demultiplexer core begins operation as described 
previously in an attempt to achieve synchronization. 

At step 932 a predetermined amount of delay time occurs to allow the framer to 
detect a synchronization byte. When the data stream being received is an MPEG-2 data 
stream the synchronization byte is a hexadecimal 47 (47h). The predetermined delay is 
used to detect one 188 byte long MPEG-2 packet, and depends on a stream bit-rate and is 
typically under 100 microseconds. 

At step 933, a determination is made whether the synchronization byte was 
detected. If not, the flow proceeds to step 935, if so, the flow proceeds to step 934. 
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At step 934 ; a determination is made whether or not additional synchronization 
bytes need to be detected before synchronization is declared. In Figure 14, the variable 
labeled FramerSyncLockLenghth indicates how many consecutive transport packet 
synchronization frames need to be detected before synchronization is declared. Based 
upon this value, the flow will return to step 932 until the specified number of 
synchronization values has been detected. When the specified number of synchronization 
frames has been detected, the flow returns to Figure 39 and indicates a successful 
verification. 

At step 935, it has been determined that the transport stream reception has not 
been successful. As a result, no further attempt is made to acquire the transport stream 
with the present settings of the transport stream physical characteristic. Therefore, step 
935 performs any overhead functions needed, for example, reception of the transport 
stream can be disabled. Note in other embodiments, reception of the transport stream 
with improper characteristic settings continues. 

From step 935, the verification flow of Figure 41 returns to Figure 39 and 
indicates that the verification was not successful. 

At step 912 of Figure 39, a determination is made whether the verification routine 
was successful. If so, the flow proceeds to step 914, if not, the flow proceeds to step 915. 

At step 914, the proper set of transport stream characteristics has been found and 
any necessary cleanup occurs. Examples of necessary cleanup items would include 
notifying the use of successful synchronization, storing of the synchronization 
characteristics. 

At step 915 the transport stream characteristics are incremented. Figure 42 
illustrates one method of incrementing the characteristics specified with respect to step 



Figure 42 illustrates a flow diagram that can that increments the transport stream 
characteristic in such a manner that all possible combinations are covered. By executing 
this routine, a successful increment will be indicated for all values, except for when 
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BIT ORDER variable is equal to MSB. and all other characteristics are equai to one. 
This state indicates that all possibilities have been tested, and an unsuccessful return 
occurs. 

At step 916 of Figure 39, a determination is made whether the increment of the 
transport stream characteristic variables was successful. If so, the flow returns to step 
912 where the verification routine is executed again. If the increment of the transport 
stream characteristic was not successful, indicating that no lock was obtained, the flow 
proceeds to step 914 for appropriate cleanup. 

The present method provides a fast method for acquiring a transport stream 
having unknown characteristics. Variations of the method described herein would 
include varying the number of consecutive synchronization byte required for acquisition 
to be successful, varying the order in which the variables are varied. Varying the framer 
mode to indicate the possible combinations of transport stream signals, i.e. clock and data 
only. 

It should be understood that the specific steps indicated in the methods herein 
may be implemented in hardware and/or software associated with the specific parsers or 
controller described. For example, a specific step may be performed using software 
and/or firmware executed on one or more a processing modules. In general, a system for 
handling transport stream data may include a more generic processing module and 
memory performing the functionality described herein. Such a processing module can be 
a single processing device or a plurality of processing devices. Such a processing device 
may be a microprocessor, microcontroller, digital processor, micro computer, a portion of 
the central processing unit, a state machine, logic circuitry, and/or any device that 
manipulates the transport stream. The manipulation of the transport stream is generally 
based upon operational instructions. The memory may be a single memory device or a 
plurality of memory devices. Such a memory device may be a read only memory a 
random access memory a floppy disk memory, magnetic tape memory, erasable memory, 
a portion of a system memory, and/or any device that stores operational instructions in a 
digital format. Note that when the processing module implements one or more of its 
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functions to be a state machine or logic circuitry, the memory storing in the 
corresponding operational instructions is embedded within the circuitry comprising the 
state machine and/or other logic circuitry. 

Figure 43 illustrates, in block diagram form, a processing device in the form of a 
personal computer system 1000. The computer system 1000 is illustrated to include a 
central processing unit 1010, which may be a conventional proprietary data processor, 
memory including random access memory 1012, read only memory 1014, input output 
adapter 1022, a user interface adapter 1020, a communications interface adapter 1024, 
and a multimedia controller 1026. Note the central processing unit 1010, the 
communications interface adapter 1024, and video/graphics controller can individually be 
considered processing devices. 

The input output (I/O) adapter 1026 is further connected to, and controls, disk 
drives 1047, printer 1045, removable storage devices 1046, as well as other standard and 
proprietary I/O devices. 

The user interface adapter 1020 can be considered to be a specialized I/O adapter. 
The adapter 1020 is illustrated as connected to a mouse 1040, and a keyboard 1041. In 
addition, the user interface adapter 1020 may be connected to other devices capable of 
providing various types of user control, such as touch screen devices. 

The communications interface adapter 1024 is connected to a bridge 1050 such as 
is associated with a local or a wide area network, and a modem 1051. By connecting the 
system bus 1002 to various communication devices, external access to information can be 
obtained. 

The multimedia controller 1026 will generally include a video graphics controller 
capable of displaying images upon the monitor 1060, as well as providing audio to 
external components (not illustrated). 

In accordance with the present invention, the transport core can be implemented 
at various portions of the system 1000. For example, the transport core can be part of the 
Communication Interface Adapter 1024, as part of the Multi-Media Controller 1026, or 
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as a separate component of the system connected directly to the bus 1002. In a specific 
embodiment, the video memory of Figure 5 resides within the Multi-Media Controller 
1026, while the system buffers 501 to 503 would generally reside in RAM 1012. In 
other implementations, a unified memory can be used. 

Therefore, it should now be apparent that the present invention provides an 
improved method of acquiring a packetized signal, without having knowledge as to its 
precise protocol. 
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